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ABSTRACT 
 
Pine, grape and witch hazel byproducts are rich sources of  polyphenols.  From extracts 
(OW) soluble in both ethyl acetate and water we have generated a collection of fractions 
differing in percentage of pyrogallol groups.  The mixtures were highly active as free radical 
scavengers against DPPH. The phenolics protected red blood cells from free radical induced 
hemolysis and were mildly cytotoxic to HaCat keratinocytes.  They also inhibited the 
proliferation of tumoral SK-Mel 28 melanoma cells.  Our results show that there is a 
relationship between percentage of pyrogallol groups, scavenging efficiency, cell 
antioxidant effect, cytotoxicy and antiproliferation. Interestingly, the most effective 
antioxidants were also the most cytotoxic and effective antiproliferative agents.   This could 
be due to a dual antioxidant/prooxidant effect of polyphenols. 
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INTRODUCTION 
Polyphenols are broadly considered beneficial for human health because they are capable of 
scavenging free radicals and reactive oxygen species (ROS) (Rice-Evans et al., 1996). 
Interestingly, polyphenols may be scavengers and ROS forming agents  at the same time 
(Alanko et al., 1999).  Strongly reducing species such as pyrogallol (three adjacent phenol 
groups) containing (–)-epigallocatechin (EGC) and (–)-epigallocatechingallate (EGCG) are 
able to form the superoxide radical from molecular oxygen (Kondo et al., 1999).   Moreover, 
the orto-quinones formed by the loss of two electrons from pyrogallol and catechol  (two 
adjacent phenol groups) moieties may participate in enzymatic redox cycling with the 
formation of superoxide and other ROS (Boots et al., 2007).  These redox reactions may 
have a determinant influence over cell functions such as the cell cycle and apoptosis and the 
pyrogallol group appears to play a crucial role (Lizárraga et al., 2007). 
To establish structure/activity relationships of oligomeric condensed and 
hydrolysable tannins (Figure 1) we have generated over the years a complete collection of 
fractions differing in size and pyrogallol content (Torres et al., 2002; Touriño et al., 2008; 
Touriño et al., 2005).  Polyphenols from grape (Vitis vinifera) pomace and pine (Pinus 
pinaster) bark were essentially procyanidins (Figure 1) with low gallate (Figure 1, R2= 
galloyl) content or no galloylation at all, respectively. Witch hazel (Hamamelis virginiana) 
bark fractions contained a high proportion of gallates included in both prodelphinidins and 
hydrolysable tannins.  We summarize and compare here our results on free radical 
scavenging, cytotoxicity and antiproliferative activity against skin related cell lines. 
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RESULTS AND DISCUSSION 
The collection of polyphenolic fractions was obtained by a combination of chromatographic 
techniques as shown in Scheme 1.   Table 1 summarizes the results on the structural 
characterization of the fractions and their activity as scavengers, cell protecting agents 
against oxidative stress and antiproliferative agents on skin related cell lines. 
 
Table 1.  Percentage of pyrogallol groups and activity of fractions from pine bark (P fractions), grape pomace 
(G fractions) and Witch hazel (H fractions) 
 
 
aPercentage of pyrogallol grups of proanthocyanidins (PA, pine and grape) or PA + Hydrolyzable tannins (Witch hazel, 
including hamamelitannin, methyl gallate, pentagalloylgallate and gallic acid).   PA percentage galloylation was estimated 
by thiolysis with cysteamine. Liquid chromatography-mass spectrometry (LC–MS/MS) was used for the identification of 
the other gallates and gallic acid.  bDPPH (1,1-diphenyl-2-picrylhydrazyl free radical) assay ED50 micrograms of fraction 
able to scavenge 50% of DPPH divided by micromoles DPPH, mean of three experiments. cAntioxidant protective activity 
on erythrocytes in the presence of the free radical promoter AAPH (2,2´-Azobis (amidinopropane) dihydrochloride), IC50 
concentration (micrograms/mL ± SE) inhibiting 50% of the hemolysis induced by AAPH. dCytotoxicity on HaCat 
keratinocytes after 72 h of treatment, IC50 concentration (micrograms/mL ± SE) reducing cell viability by 50%. 
eAntiproliferative activity on SK-Me-28 melanoma cells IC50 concentration (micrograms/mL ± SE) inhibiting cell 
proliferation by 50%.  Nt, not tested. 
 
In general agreement with the literature (Alanko et al., 1999; Tan et al., 2000), our 
comparative results show that there is a relationship between percentage of pyrogallol 
groups, scavenging efficiency, cell antioxidant effect, cytotoxicy and antiproliferation. 
Interestingly, the more effective the antioxidants were, the more cytotoxic and 
antiproliferative they also were. This could be due to a dual antioxidant/prooxidant effect of 
polyphenols or better, to their capacity to either scavenge or generate radicals depending on 
the environment.  The generation of the superoxide radical and other ROS by phenolics 
might be behind their mild effect on cell growth and apoptotic/necrotic death. The common 
Fractions %Ga DPPH  
ED50b 
 
AAPH 
IC50c 
 
HaCaT 
IC50d 
 
SK-Mel-28 
IC50e 
 OWP 0 80.0 40.4 ± 1.4 248.2 ± 24.5 122 ± 4 
IVP 0 59.5 34.2 ± 2.7 132.5 ± 12.9 137 ± 5 
VP 0 153.8 nt nt 213 ± 4 
VIP 0 47.8 nt nt 146 ± 4 
VIIIP 0 84.0 37.7 ± 2.8 150.3 ± 1.3 134 ± 3 
OWG 15 52.6 36.5 ± 1.3 121.2 ± 14.7 70 ± 4 
IVG 25 37.0 28.6 ± 3.3 103.2 ± 1.3 nt 
VG <1 52.6 nt nt nt 
VIG 16 41.6 nt nt nt 
VIIIG 34 37.0 46.9 ± 3.3 77.8 ± 3.3 213 ± 7 
OWH 54.1 42.4 21.5 ± 1.6 41 ± 2 26 ± 2 
IVH 70.0 28.6 22.6 ± 1.7 38 ± 3 29 ± 2 
VH 24.3 58.8 nt nt 32 ± 2 
VIH 81.3 29.5 nt nt 28 ± 2 
VIIIH 96.2 26.4 24.5 ± 0.8 68 ± 10 39 ± 2 
control      
Ec 0 49.3 35.38 ± 2.6 245.7 ± 62 nt 
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structural feature mainly responsible for the activities of phenolic fractions appears to be the 
pyrogallol group both on ring B of gallocatechins/prodelphinidins and on galloyl moieties 
(gallates).   
Natural plant polyphenols are considered antioxidants and perceived popularly as 
beneficial agents for the prevention of many diseases.  The concept “antioxidant” is usually 
linked to free radical scavenging since it has been accepted that the main underlying cause 
of cell damage is the production of ROS by the mitochondrial metabolism or by external 
agents (e.g. radiation) and that ROS are essentially harmful and should be eliminated.  But 
ROS may not be always harmful.  First, ROS, as well as reactive nitrogen species (RNS) are 
key agents in the regulation of cell functions by acting as secondary messengers in 
intracellular signaling cascades (Alanko et al., 1999; Valko et al., 2007).  Second, moderate 
generation of ROS maybe selectively toxic to cancer cells and may even end up producing 
an antioxidant effect by fostering the endogenous defense systems. Polyphenols are capable 
of both scavenging and generating radicals and may exert their beneficial effects by a 
combination of both mechanisms. 
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